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active diastolic filling became more rapid and complete, thus augmenting the systolic discharge. The volume curves above this pressure were not entirely superimposable, however, until a venous pressure approximating or exceeding 150 mm. of water had been established.
In short, there exists a venous pressure level (40-70 mm. of water) that may be regarded as relatively critical in the sense that below such a level the efficiency of the heart is markedly influenced by venous pressure changes, while above it, also modified but to a slighter degree. On the other hand, there exists an absolutely critical pressure (approximately ISO mm. of water) above which systolic discharge is not improved and the beats become superimposable.
These pressure levels, which may be designated "relatively and absolutely critical," were not constant in different animals nor under different conditions in the same animals, but varied, among other factors, with the size and tonus of the heart.
Since this was the case, it was deemed scarcely profitable to pursue further oncometer studies in relation to this point, for no light could thus be thrown on the relatively and absolutely critical pressures of the heart within the closed chest.
II. THE EFFECTIVE PRESSURE IN THE RIGHT AURICLE OF THE UNANAESTHETIZED DOG
Before the assumption can be. safely made that the heart in the closed chest follows the rule of "superimposability," it remains to establish definitely that the pressures are really above the critical value during all respiratory phases. The data upon this question are, however, insufficient.
Venous pressure measurements in man are not conclusive since, aside from the relatively crude methods that necessity forces us to employ, and the absence of intrathoracic pressure measurements in each case, we have no evidence as to what venous pressures may be regarded "critical" for the human heart. In the case of experimental animals it is well recognized that such 'pressures as may be safely regarded " critical " for the dog's heart are not often encountered, but the question has not been definitely deter- By kindness and petting, dogs of a quiet nature can be made to rest calmly on an animal board and will breathe naturally.
Under local anaesthesia an incision is made with a sharp knife through the skin and subcutaneous tissue across the path of the external jugular vein, which is quickly exposed and dissected free. A cardiac sound is introduced into . the ventricle through the vein and then withdrawn so as to lie just on the auricular side of the tricuspid valves. It is then connected by fluid transmission to a damped water manometer or calibrated membrane manometer. The pressure variations are quickly read. The intrathoracic pressure is then recorded by a trochar inserted through an intercostal space well into the centre of the chest. After several deep breaths natural breathing is usually restored.
The pressures within the thorax and right auricle are then read again.
Results. -The data shown in Table I indicate (I) that the right auricular pressure is generally slightly negative during inspiration, but becomes positive during expiration; (2) that the effective venous pressure is higher than is commonly supposed during all phases of respiration, and certainly higher than exists in animals with their chests open; (3) that the effective venous pressure is usually higher in inspiration than expiration, 63. I mm. in the former and 43.6 mm. in the latter.
Are these pressures critical so that the volumes of both ventricles during inspiration and expiration are superimposable and the movements of respiration themselves without effect on the cardiac discharge and consequently on blood pressure? They are obviously less than those found absolutely critical in oncometer experiments by the writer, but this does not necessarily imply that they are not critical for the heart in the unopened chest. If, however, the arterial pressure record in such animals were to show no indication of respiratory waves when cardiac rhythm is regular, the conclusion could be drawn that those pressures were critical.
In two atropinized dogs, however, whose carotids were prepared under local anaesthesia, the arterial pressure jeZZ during inspiration and rose during expiration, which is the rule in such cases. Since similar results Certain objections to drawing such a conclusion upon this evidence must, however, be met.
It may be asserted that slight variations of arterial pressure, due to rhythmic vasomotor changes or to mechanical variations of intra-abdominal Observations on the " Efective"
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The first possibility may be met by the facts (I) that no proof exists that vasomotor variations of such short duration can occur or that they can react within so short a latent interval as must be assumed; and (2) that no proof exists that the rate and intensity of vasomotor discharges are related to the rate and depth of respiratory movements. Such an assumption, however, would be necessary to explain the exact correspondence in time and depth of respiration and blood pressure.
Were the second possibility a factor we should expect the arterial pressure to rise during inspiration and not fall as is the case.
III. A COMIPARISON OF THE EITFECTIVE PRESSURES IN THE RIGHT AND LEFT AURICLES
A determination of the relation existing between the effective pressures in the right and left auricles is important for many different reasons. The filling of the left ventricle is obviously determined by the effective left auricular pressure, and there are at present no data to warrant the assumption that the same pressure can be regarded as critical for both ventricles.
Is it possible that the effective pressure of the left auricle may be above a critical level while that in the right auricle is below, or z&e versa? Does a critical pressure in the right auricle imply an equally efficient pressure in the left auricle? Do the effective pressures of the two auricles rise and fall together with respiratory phases? Do the many influences which modify right auricular pressure also influence the left, to a similar extent, in a similar way ? This communication in no sense purposes an extensive study of this many-phased subject, only enough observations bearing upon this problem are attempted to throw light upon those questions of cardiac behavior which demanded analysis before further progress upon the subject of the pulmonary circulation or the pathological physiology of hemorrhage could be made.
Methods. -The right auricular pressure of anaesthetized animals was obtained by a sound as before described.
The reg-istration of left auricular pressure involved opening of the thorax with its subsequent repair and a re-establishment of the original negative pressure.
A large canula (6 mm. in diameter, IO cm. long), guarded by a stop cock, was inserted directly into the left auricular appendage of the exposed heart to the level of the mitral valves, and tied. During the first experiments the stop cock was situated near the auricle and, after repair of the chest, was operated by a handle projecting externally.
In later experiments it was found that coagulation could still be avoided when the stop cock of the canula was placed entirely without the chest. The right auricular sound and left auricular canula were connected with membrane manometers of special construction, purposely chosen of such sensitiveness that they responded to respiratory variations of pressure, but reacted only slightly to the cardiac variations.
Their movemen'ts in the later experi-Observations on the " Ejective" Pressure in the Awicles 19 ments were photographed on a moving bromide film. The entire manometer system (including sound and canula) had a vibration rate of [18] [19] [20] per second which, though low, was ample to study respiratory variations of pressure under ordinary conditions.
A flanged metal canula, with the inner lumen so guarded by a wire frame that occlusion by a lobe of lung was impossible, was screwed into the anterior chest wall and connected with a calibrated tambour for registration of intrapleural pressures.
FIGURE 2. Effect of Saline Infusion:-R, respiration; P, pulse pressure with Htithle spring manometer; LA, left auricular pressure; RA, right auricular pressure: a and b show where pressure began to rise in each auricle. Respiratory waves of auricular pressure which were present before perfusion disappear after perfusion has continued.
The chest was then surgically repaired, negative pressure restored, and the animal allowed to breathe naturally through a tracheal tube 30 cm. long. Special precautions were taken to locate exactly the end of the auricular canulas after each experiment and so establish the zero level. The Absolute Pressure Relations between Left and Right Auricles. -The nature of the records is shown in Fig. I . They display not only variations of pressure synchronous with respiration but, in reduced amplitude, those due to cardiac action. Since, under certain conditions to be analyzed later, the cardiac variations may even exceed in magnitude the respiratory changes (Fig. 2) , it becomes necessary to select a definite point as a con-stant place of measurement.
Inasmuch as the ventricular filling is determined by the height of the pressure reached at the end of ventricular systole, it seemed logical to select for this point the beginning of the sudden fall of press&e at the end of ventricular systole (i.e., the third diastolic fall of Porter,' the third negative wave of Fredericq,2 or the top of the v wave of Mackenzie. 3   TABLE II sxp. The results are tabulated in Table II. A comparison of the effective right auricular pressures in these animals under general anaesthesia with those from animals under local anaesthesia (Table I) show that the average effective pressures (expressed in millimetres of water) of the former series (63.1 in inspiration
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The difference in the effective pressures during inspiration and expiration was I 5.2 mm. of water in the generally anaesthetized as compared with 19.5 mm. in the locally anaesthetized animals, a correspondence sufficiently close to warrant the conclusion that operative procedures, such as have been carried out in do not materially other experiments on the pulmonary circuit,l alter the auricular pressures after natural respiration has been re-established.
In seven out of nine experiments the effective pressure was greater during inspiration than during expiration, the greatest variation being in experiment c 31, where it reached the exceptional figure of 42.5 mm. of water.
In the two experiments, C 19 and relation existed, the difference was slight. indicate that, as a rule, the effective pressures of the two auricles are very nearly equal. An exception, however, is shown in several cases, one of which is published in Fig. I .
Effect of Saline Infusion. -The effect of introducing warm saline solution rapidly into the external jugular vein was studied in six experiments.
Infusion was usually continued to the point where cardiac irregularities, due to the enormous distention, occurred.
A study of such records shows that the general level of the right auricular pressure began to rise immediately and after a latent period, varying from 2.25 to 3 seconds (i.e., an interval occupying four to six heart beats), the left auricular pressure also rose (Fig. 2) .
As infusion continued, the pressure curves of the two auricles continued to ascend, running practically a parallel course (Table III) .
This observation is, in itself, direct proof that the output of the right ventricle has been increased and that, therefore, the previously existing right auricular pressure was not sufficient to insure maximal efficiency of heart action. In three experiments the rate and depth of respiration remained unchanged during infusion and the cardiac waves of the venous pulse were not materially increased in size. A perusal of one of these records, shown in Fig. 2, indicates that, after a (Tables III and IV) .
How high a left auricular pressure is necessary in order that the discharge of the left ventricle is not influenced by respira-tion? A determination of the effective auricular pressure at which the respiratory variations of carotid pressure are abolished may be used, as before, to determine this point. In one of the two previous experiments, in which carotid pressures were simultaneously recorded by a Hiirthle spring manometer, it was found that the respiratory waves of carotid pressure were obliterated when the effective pressure in the right auricle equalled I 55 mm. The results of experiment C IO VI are shown in Table IV .
They indicate an entire abolition of respiratory pressure waves only when effective right auricular pressure during Carl J. Wiggws expiration reaches the level rgr. The end result of the other experiment is shown in Fig. 3 . Here the effective pressure in the right auricle during inspiration was over go mm. of water, but respiratory variations in carotid pressure continued unaltered. One of two conclusions must be drawn. Either a left auricular pressure much higher than suggested by Henderson and Barringer is critical for the left ventricle within the unopened chest, or the auricular pressure does not solely determine the systolic discharge when the forces of respiration are acting.
